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Owning the Night
 

Jnt:rodu'tion 
;, J;~:H(: Inus! not needlessh' 
trru.!f.Js. :', Napoleon Bonapa.rt.e~ .·. ',. 19ht 'work is .3. crllue agtunst huutan

N.•.. :~:~U~:l~::~::e ~7:~~;:: 
lItidnight until it. rcaches it nadir~ usually: 
during the pr-c",da\vn hours, I)uring the 
night~. the pinea~ gland at the base of the 
brain .releases the h·ortDone ulelatonin 
'v/hich~ in turn'! m.akcs. liS feet drtl\Vsy., i\t 
night, the UkeHbtl{ld tbat 'lNe \vill sleep is 
veryhigh~ as our brains and bodies tire 
designed to sleep at night and to \V'OTK dur" 
lng. th.e day. Tibus~ \vhcn an operation 
requires staffing 24 huurs. per day; 7 dnys 
'per \veek (24/7}... sleep quality and. ,qlJant:l-> 
ty suffe.rs,. ,a.nd s-ieepines,s. .and fatigue' \viH 
p~aglle any humau:«ma.chine S)'Slcnl. 

I.n human«machine systerns, the most 
uuprtdictnble cornponent. in the systern is 
the. hurruul, I\fter trainin.g and currer!:c.y~ tbe 
greatest contributor to varlabiHt)' in human 
perfortnance :is Htttgl,lC, Ciooa huroan
rna·chine systen1 design exploit.s burnan 
strengths and prQtc:cts the SYStCUl front 
hurnan \veakne'sse8~ and this is a funda
mentaJ concept inhuman Il1C'tOCS engineer
!ng.The nlunan brings to- a s)/stern ulucn 
ruore piYwerflil pat.tcm recognition capa
bilibes and decision 111aking sk.iUs than can 
be pro'V'ided in soft·\.vare. 1Io'Never; the 
hurnan also brings ·mnc.h rtlore ·perf.:Jol}
~U1CC varjabilhy' to a systenn than {lOe fi.nds 
in softvlare', 

Inc.ornplere training and hru.:k 0 f cU:ITC'O'" 
cy arc sources ofbu.r.nan vari~lbi1jty.. \Vhen 
novices a.re learning to operate a cotnFJh~:x: 

system~ they generally folIo","\? a learning. 
cu.rve, InitiaUy~ tbeir perfonnance jsquire 
poor (and variable), but they I~arn the 
basics quickly, LL\ter~ their pe'rfommnc:eis 
bener on averagt\ but sriH rnore vadab,k~ 

than desired,. Fina-Hy. 'i ~tS th~.y approach the 
expert'leveL, their Hvcrage perfbrnlance is 
quite gOQ{l. and exhibits sl11aJivariancc. 
Sirn.ila.dy~ ·\\rb.en an ex.pert bCCOfllCS rusty in 
the -operation ofa cornplex 5,Y$;tern~ his per
f~):nna.nce m~lY be nl0re \/ttriable than 
desired u.ntii he returns to the expert. leveL 

()nt:· oft:heprinulry haHrnarks ofInunan 
fatigue ~s increased pett;J:rrnanc:e variabil
ity, '''fhis is due l(.l large atuplitude·.. tl1{}t11ent

"'I: C'lrc'adian :Effec'ts-.. ]"here are inherent 
una.\l(Jk1:abl.e.~ 24-hour rhyth.ms in 
i:llnna.u ,x~gn:ttive ~ind physical perf<rrrn-· 
ancc,~:f()$.t ~Jf these c:i.rcadjan rb:ythrns 
oscillate benveen their high P01!1t hue in 
the day h;) their ilow' point in {he pre·
da'\V'fl hours v;~t:b a pet.tk.--to·"trough 
~.trnphtude of about 5: ttl I Ot:~::·~;. of t.heir 

];,	 :\c:Ute.Fatigne", /\cute fatigue builds up 
u.na\:,oidably 1tvithin in oue' ~tnd 

duty pericHi< tJue grn:w:i*'quaHty, noctur.. 
oaf sleep peri.od cures J'Dute E~ltigue, 

4,	 C·u.mulatiyft l?at·igu:·e~ (:umuta.t~vc 

fatigue buikis up aG:f()SS rnajor \vaking 
and pe:r:iods. b{~cause th(~re is inad
equate .sleep bct\\{t~en tfle duty pe.:rl\J<1s.. 
Re\:.ovcry frorn :cu:fllulative fatigue c.an
not be acc()ttlpHshed \\<:tth. a single: qual.. 

. it)\ .f.hJctunud sleep :periUH.l 

.5. C:bron.icF~adgtlc:,. (~.hl'onic fatigue luay 
:sel in aft-e" one to nvo \\"ec:Ks of cttmu* 

l.utbrc fat.igue .. lIS :$ytnptonlS are sitnilar 
to th()se of (:11rooic 'Fatigue Syrldrum.c 
({~FS). l.JnHke (:FS~ h.o\\'evc:r~ the cause 
is continuing cut1:11darive fatigue~. and it 
OC;;;UJS rnlH:h SO{ltler t.han the. 6»-rllonth 
(liJ,agnoistl(:C requirement for (~F S. J:hc 
:\irFnrce Safety (~t~ln·erba5 in t.he past 
called chronic fatigue ..··rnotivutionu.1 
exbauslioD,'" \Vhilc this tabc-t nc-c-ounts 
fbr ord y nne of s-cvtxral pnssible SYU1P
corns of chronic fatigue (apathYJ~ it 
effectively des:cribcs the althude that 
one obscrves in a person v~:ith. ChttHlle 

fattgue. 

FarigUt tS ubiquil.{}u.$. perv';aKl\lC and 
IH£Hdh)US< 'By ubiquitous \ve- rnt~il!l that 

difIerence.s. In the physical dornatu-: Ihe:re' 
are those 'viho are inI)erc'n.dy able to tnlin 
too ll1uch gn;;;:atc-.r level.s of tttntngth and 
endurance than I110St. There are also inher",· 
ent differcnc·es in L1tigue resistanc.e. 

'By insidiolL5 ~ \ve. Ii.lc:an tbilt \vh.ert\vc are 
fatig.tl(~d, Vi/tare of~ten lUlU\Vare of bo\~{ 

badly \ve are performing, wlost pc()p~e 

have :cxpttdence'd the attention lapse asso
ciated \.vlth HIHd 'tlltigll'e viben they rniss a 
free\vay eX.it or reahze suddenly that. they 
don'·t rC'mC'rn'bet th·e[a~a utile or [\YO Or1\".,. 
t!.t1 on t.h(~ higft.\VI1Y. 

It Fati:g'ue ~'1odel 

Fortunatc:1y., the biologica.l changes and 
rhy-dnns thaI c:aus:e fatiguc",induced va.d
ability in burnan perfbrrnancc are relatl\:e", 
'ly pred.ictable. \V.c have: qu,ultJld:alv'c :tl:l0d

<ds and shuuhltiotls t.hat ~t.n(,lW· U$ to 
esthnatc and prtxiict the lilning and. sev:er
ity of fatiglle ·episodes~ given $iJOJe hrt'(}[» 
tnation or data*based .as,sunrpdons about 
'",'ben and UO\,v' much, pt.1oQp[c sleep,. A$, quau,.: 
tixative ap:p-roa·ch vras applied he:re through 
·the use uf the D:oD ~s Sleep~ t\.ct.iv·it:y~ 

Fatigue and 'rask .EtIectivcness (S./\FTE) 
rnode~., S/\.FTE integratc$ quan.tit.ative 
.rufbrmaticrn about. 1) ·circad:ianrhyttulls in. 
rne-tabohc rUle; 2) cognitive per1{)rnntnce 
recovery rates associated. 1~",ith sleep; and 
cogn.iti\d:pcrfon'tlance decay rates associ~ 

ated. with \"/akefuhleSs.~ and,! 3) c(lgnhiv·e 
perfo:m~ulnc~ e:tlect$ 3$$()CJated w:ith sleep 
inertia 'h) produce ill rnode'l of human cog
nitive t.~fiecti\teness, Sl\FT'E has been 
under d.evelopnlcnt by the ()o() for rnerve 
than a dec.,tdc~ and the. Ft~ernl.RaHroad~ and 
.l\viation. i\dtn.ini3t:rtuiou.s I~H.1v,e no';,v j:tJ!ued 
the devclopnl.ent tc:atl1. 

The g:cn:erat a:rchitectu.r~ of the S/\F~fE 

:rnodc'} l:d :$ho\\"ft in Figure 1. }\ circadi~ln 



process influences both cognitive e:trc·t;> 
ttVellC~~S and sleep reg:ulatl(}o, Sl:c::.ep regu
Lltion is dependcn t u.pon hours of sleep ~ 

hours of \vak.efulness~ current sleep debl~ 

lhe ciri::.adian process and sleep fragnlenta
tion (a'.tlak(~ning$ during a sleep period), 
C:ognHivc effectiveness is dependent upon 
the: turr:ent balance· of the Sleep regulation 
pro'~ess., the· circadian pnlc:ess", ,HId sleep 
inertIa:, Sl\,FTE: has been vaHdu[.ed against 
dilta that\\'·crc not us·cd in rnodel dc\/clop.. 
rnent 1"LJA 

TIle Fa!igueA.voidan=e:c ScheduJingTool 
(fASTTM) is software that is based upon the 
S..~r~rE applied rnodeL F!A,S.TTM •. an/\.ir 
Force Srnal~ I)usjn(~s.s .Innovation Re:i)·earch 
pn;Jduct~ al1o\¥s p1anners and s,~hedu]ers to 
estirnate the· average effect-sof vi!d0l,18 A 

s:chcdules 011 hlunan cogniri,;·c perf(Jrnl y 
/. 

ancetffectivencss. F:·tSTT'to.! \vas used to 

suppo'r1. six quantitative assessnJcnts that 
are described brietly in the reulaiuoe-t' 0 f 
dlZi article. 

ScJlelllatic :o:f Si\..FTE· :f\l~lo·del 
~Sleel':~ ~:1cti,·it-v. F'·;tt'gue {1J}{.I7~asJtr. .l~~il~?ctirel"1css w:\}()(I"t"j 

I. A ~Fatigue (:bec.kcard for?\lisllap 
In'te~stlgatioru~} hlVC:s.tig,lto.fs of \vork-· 
plnce and rnu1s1J.ortatiou a(x~:ldet1ts and incj~· 

dents seldom. have the ~nstrurnen1:S or 
·e,\pe:rtise requi.red to determine \\lhet.her or 
not human fatigu:e rnight have contributed 
h) the 1t1tshap. TIle Filtigue C·h~:ck\."ard and. 
.n.s.sociared prol.Qcnl \.verc designed as ~a. 

scrc:eniug tool t~) "fiU this. need, l.Jsing the 
C.~hetkcafd",. the investigat.or rn3Y generate· 
fj SJ\Frr.EMhasca score for seven sirnplc 
observ~ttions: 1) Length ofprior \~vak.e:.fid., 

nes.s; 2) ~un()unt of prior sleep for the pre
ceding 72 hours; 3.~}. titne of rnishap~ 4) 
nUl1)ner of night shift.s in preceding: 30 
d;r~ys:. 5) tilne zon·e change and days in 
Z(Hle: 6) types of hlunan. CITOrs. as.sociated 
\vith Dltshap; .and, 7): es.titllated phystcal 
exertion across the 1tV()rk period ofinterest 
Ifthesc(lJ'e is. above a criterion tc\='clslnnvn 
on the card..: then the inv:estigato·r should 
contact a fatj~rue expert for :add:rtional help 
\\/:ith the: investigati(J!1 loCOO fin]] ornegalc 
the positive re.su.lt of the ChecKcard s.crt~n·Y. 

ing. The C:'hec·kcard is being inCOrp{lrated 
into the .i~.ir .Force Safety (~CD le.r ~s .A F Safe'" 
ty t\.utornated S;l:51eUl (f\FS.A.S). 

2. ()p:erational Il..is·k i\1.anagernent of 
1;'atigu(tEtTects{~,'7 T'h.is \\'as nur first 
at1.en1pt h) use S/\FTE and \veH-a(~!.:epled 

f~it.ig.ue cnuntenncasures in the context of 
-ope:rat1o·na1risk m.anagement.\Ve Hsted 
the kno\vn. priJr.lary physlo1lJgica I. Ulld p.sy·.. 
chological·ent~CIS. of fa.tigue. 'rhes.:e effects 

Vt"crc i~lign.ed approxirnately 'vi/ith the cog" 
nilive and physiological tests shcnVll. If) he 
sensitive to the fritigtled st,ttc,TheG:.xtrap
oIation. of the lislet! t~fiec.ts tt) safctY,"$·en.s~·w 

ti\:l~'jobs 'iVas c.xplained t.hrough exarnp~es,. 

Each efrecl had the potentia·~ to cau~e harn} 
in nIl titary openilions and .. thus~ vvas. a lUIZ·'" 

a.rd. IJslng S:\FT.E~ \Ve qU4u).lit1ed tht~ risks 
~l.ssoci.ated \vith 1l'V'c types of fatigue,; phys
ical circadian effects" acute fatiguc~ 

currruLativ·c f~ltjgue~ and cbron:ic fatigue, 
Ille best fatigue cou.ntenneasure lS sleep.. 
\vhjc.h is th(~~ only C{}Unte.rn1e.a.sure that pro... 
vides recrlvery,. It also reduces the proh.a

lLthat fnti gue vvUI havt an et1"l;ct VB mis M 
. 

~;ion safety and,. :conco:trritanIty.. reduces the 
exp{}sup~ to fa.tig%1.~~.. \Vhc!l ad,equate sle:·cp 
cannot be used to ·counter fatiguc r then one: 
DJUst con SloeI' the use of""Ci o~~ and ·t~~o_go 't~: 

adjuncts., .including schedule. adjuslIllent-s 
and pharlnacologic.al adjun.cts. 'r:hcse: 
adjuncts s·erv-e to reduce dIe se\'·er-rty of 
iluigue c!l:ccts or the exposure: to fatigu:e
r:e-iate-a n.sk. /\.11 COnln)j$ e:xccpt SJCI~'p 

shourd br.:. \:ievtled a.s Hband,.a.~d.~~ approach", 
es~. tl) be. used a.s a last reson\l~:·hen (.Hlhtr 

·;:ontr01s are i.nsufficient and the 111ission 
l.UUS! be aCcorrlplished.. ReC(}i/er)~ s~c.ep l~\,.i H 
~H.in be nec·essary· after the ·other corHrnis 
hav~~ been applied to accotnplish rbe tnis·>· 

3. Schedu.lingAi.r:crc\\·'s I: Intru...]'.heater 
2411 Operatjons~s . .t\irc:re\v fatigue prob
terns. had been doculuented in 24/7. intra,/. 
theatel\ ril(;t.ieat airlift ()perati~Jns< ()oe rea
son was the irre.g:ulariry ofthe schedLlie fhr 
a given CfC\V acrn~:s da:ys.. 

·There are three appro&chc:$. to- 24(7 
:'G.nedu.ling·; 1) :fIxed shifts; 2) rapidly rota!» 
ing sh.ifts; fh~d~: 3) s.h:)\~tly rotating. Sh.ift~L \V(~ 

assurnc.a that :s.OUle sort of a rotating: shift 
~Nas necessary. and applied seven schedul~ 

ing: principles: 

:t, Set a normal, nla.:t:imuII.1 crc\\' d.uty peri
od (CT1P) of t4: houts t'·) a:l ]0\\: 11 cre\v t.o 
\V()1'"K (H1 a 14,,,hour (:y·cle. 

2, FoHo\\: c.ach CDP lon.ger than l4 hours 
tvith ill day off, 

3, Schedule either 
• ,A long sequence uf night. f;}1.ifts in a 

s.l()·\vJ~l-r{ltat:ing sc..hedule~ r::~:·ith adt> 
quate sleep facilities) to allcnv accli
tnation to nigh! \'/or.k and day sJe;ep.. or 

• ~A. Hllninllull nurnber of COtlSCClJtl\:t; 

night shifts in a rapidJy-rotating 
sche.dule to 111j:nirnize exposure: "to 
nigJn \l,fork \vhere· sleeping facj]:it.ie:s 
an~ tuadequate. 

4. In a rapjdi:~' ..rotating systen1~ thHo\V ·eatb 
night :shift \vito 24 hOUfS. ntT: 

9 l\:'larcn. 2006 
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()\YN'ING OffIE .N)t~lIT 5. Se.h.f~duUn,g· *:\ircrel\'S 3;: [}:ep·l{)ymt~nt.: {.? 

'I"he ocneictr\/e: 

References 

v\·~c used five. variables 10 pro« 
d.Lh~C· an exarnplc ofa ~lov;dy -roHHing s(:h~d-· 

uh: and .an ~·xan1.ph: of a rupidJY*fot.a6:ng 
schedule', The· variabi.es \;\:ere: 

1, NUlnbe.r of cre.\vs al1d It1annirlg ratio. 
'1 The· rebrnive nUHibers (7{ \v:ur-K and free 

days, 

3, (~l)P and c.rJ;;~vv 'NQrkJDad, 

4, The ·S'equerH.>t of \v·ork a.nd free. d.aY:~L 

5. ShQ\\' tirnes, 
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\Vest .Point~ N')~ .Tun. 200$: 
:~1Iner .Ie {200Sd,J,.
 
cteu'.S 1:' Ii',. Inrra··Ti:e:.der 24./7 {)!Ji7r..
 

anfHlS', TechnicaJRepoft l\.FRL:..HEv<
 
'HR-TR.'::1.005-()Oi4~ /\1.:, f()T'ce R.e.. 
s.earch Labontto:ry~Bro{).ks City'-·Base 
TX...rvtay 2005, 
~bl1e'r JC (200Se), St:Ju.:·dulingAir.. 
cri'TfS 2:' jVl.ghttbne .Ad-iss-fons, Tee1mi", 
cal Report i\:fRL-Fi.E-11R-Ilt-2005
0075 ~ l\ir Force·R.es.:earch L,aborato:ry,. 
Brooks f.:ity-Base TX~t\1.ay 2005. 
'~hHer JC (20051'). Scla~dJlling Air.. 
c'rC}t:S 3:' lJt?j}loyntent, 'Tet;hnica.l 
.RepcHi }\fRl~-HE ..B.R,/fR«20(J5,.(K147~ 

A.it Force R.e=scn.rch Lfl.boratory~ 

13rnoks C~it'y-B·ase TX., !vlay 2005, 0 

s.ohJtinn~

F~gure 

ifone CXiSl{~d in that d:ircl'ti.on (.see: 
,,1\11 he had to do 1~\lS build an 

algorithnl t~) land in a. regj:on in w'hich 
F(N»N and he \v()uid. get a l1C:\V s()lict't.l:(,n. 
,A htde· ftlOre thought convinced h1.t11 that 
tbe nunlber ofS()hltious \vas boundc<l 

In. .short titne~ t.he LictJtenant pttr.. 
granuned the aJgorilhln~ resre:tl it~ and 
sho\ved it to the ~lajo:r and the Captain. It 
\\'.a.s cle:arrhey didn't c(nnplctely ·under.. 
stand ftf believe hts explanation of 
the F(N) c.alculation and search techn.ique" 
."lvw'fuHy long... isn ~t· ifr~ the C11ptajn asked. 
H A.re you sure you :can 0; t find :£1: sitnpier ",\lay 
to s'olvc t:be prQbleul? l\i:ly progralB \vusu't 
rnore than fifteen lines. ~£(lur 111U t.inlc: rnu.s't 
be horrendous,"~ 

i~\JiiclL .1 could prohably shorten 11 S()nle~ 

but 1 \\'fts trying to progranl a U10re geneT~' 

al case" not ju.~a find the ~HnaHest solution. 
/\nd f1fl!: it fll.t1S fast. Gn ah,;;;:·ad and try it"~ 

·"S(~ \Vhal are aU the:se nurnbers h:'s spitN 
' 

Ottt?~~ 'The (:apt.ain pressed" tr:y'ing. not 
10 'h~~ condesccnding. H\Vhcre~ s tht~ so~u. .. 

'~'~Thcse are nIl solutions to F{~~) N. 
This tlt'Slone is. the s-rnanest i.}'O'C,. lIen: .. the 
pr()gn~:nfs about to stop, Sec~ 'there V s the 
JaS! solution: LILL Ll. .1J (); /\t1d. it only 
t<:J()k 40 seconds, 

T'hc Captain rnade a quick ahera.t~on to 

~~r~:~::~::r~;X::::I~t~r .;~~~::~~~; 
got. 131ft rny pre'gran} has stopped at 

'Fi.gul~~· 2.. (iraphii=e.al iuterpretation of the search s.e:qw~·nct H., F(F{aJt ... t'{Jf. a region 
aD4:)ve the 't;{,:~N lir.te. The £:oqucnce (:1\]] be proved to end at H sohuiot1 11' 
one ex rst:s, that is. larger thann, 

2~600~OO 1., H 

The: LIeutenant gJancedo;lcr. ~"N:n it 
h,tSJ1~t, It's-just that thcneXI solutiun \\''111 
take fiv:,e 1,i rncs AS long, as the vihich 
took ten 'D1inule:iL l\:nd it gets '\\'o;rsc, :1'0 
gel aB the sohHions~ t~e'ed IO ru.n 

years" and no one"s e've.r conle up \'v'hb. 11 
different ~dgorithln just a fc\\:, prQgnun06 

rHing ldcks... ~! 

.0:.".: ..... .,.". '., .,.~' ..>:_ the (::,uptain staring allh(~ e(K!:;:' 

li~tillg and rnulnhhng $().t11cthing abont 
hard'w·iring. nn5\1j/ers~ the Lieutenant and the 
tvft~}()r ten 1'0 trdk a bit tn·ore seri().us!:~\/ about 
ho\\" lhe tnight usc operat-t()!ls 
r{~$.eart~h , 

:f:·ditors Note 

1980s in a rescarch l:~b; No engineers 
V\F:cn:: harrned jnits.production. ;\·:1odi:fi.ed 

Y=N
 

F(F(F(a»)) 

~ 

;F(a) 

a 
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